
“’.j

RESEARCHMEMORANDUM

RESULTSOF PRELIMINARYFLIGHTINVESTIGATIONOF AERODYN~C

CHARACTERISTICSOF ~ NACATWO:STAGESUPERSONICRESEAQCH
,

MODEL

Marvin

RM-1 STAI#LIZEDIN ROLL AT TRANSC)NICAND
s

SUPERSONICVELOCITIES

By

Pitkin, William N. Gardner, andHowardJ. Curfnm.n,Jr.

Langley Memorial Aeronautical Laboratory
~Langley Field, Va.—~

-.

NATIONJ&\ADVISORYCbMMITTEE
FOR AERONAUTICS

#!!$?’Y8y!47 --,. ~<,.------ .—; :

.-

1“-’

—



NATIONALADVISORYCOMMITTEEFORAEEONAUTIES

Q

RESULTSOFEKELIMINARYETZGHTIXVE3TI(2ATINNOF.M!2301NNN4N

CEARJ!.CTERZ3T1CSOFTKEItACATWO-STAGESUEE2WON1CRESEW(X

MODELRM-1STABILIZEDINROILATTMNSONZCAND

SUH3RSONICVELCQ3XES

ByMarvinPitkin,WilliamN.Gardner,andI%wsmdJ● Cur-i’man,Jr.

SUMMARY

Thedesignofa two-stage,solid-fuel,rocke$~i-opelled.,
generalreseerchpilotlessaircraft(RM-1)suitabhforinvesti~ating
stabilityandcontrolatsu~ersonicvelocitiesisdiscusseal..The
flight-testinvestigationconductedthusfarisdtscussedand.
informationispresentedonzero-lengthlaunchersand.operational
flight-testtechniquesoftwo-s&Serockets.

Thefli@t -testpro~amthusfarissham tohaveresultedin
thedesignofa &nleralresearchmcdelcapableofattainingvelocities
uptothevelocitycorresymdi~toa Machnumberof1..4.EWta’ble
launchingmethcilshave%eendevisedandsuccessfulradartracking
andinternalradio-transmissionofaccelerationdata,psessuredata,
andbody,motionshavebeenaccomplished.

Resul&ofinitialflighttestsconfi~thetheoreticala&vantage
ofswept-back:wingplanforms.Useofwinggendfinssweptback45°
delayedthecriticaldragrisetoaMachnumbei”ofapproximatelyO.9.
SuccessfW.rollstabilizationbymeansofa rate-dM@acement,,flicker-
t~e,all-electricautomaticpilotwasaccomplishedforMachmnnbors
uptoapproximately1.0. Mozmaticnconcerningtheover-alldrag
characteristicsoftheRM-1modelatsubsmic,transonic,andeuper-
sonlcvelocitiesispresentedanddiscussed.

Theresultsofthe
eqerimentalmethodsof

testsshowcloseagreementamongthree
measuringtransonice22ds~~erscmicvelmitiea.

.-
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INTROIXJC!JZON

h recentyears,ithasbeccxueevidentthata criticaland
urgentneedexistedforincreasedrese,archonaircraftat trensonic
endsupersonicvelocities.DuringlforldWar11,theaccelerated
developmentof~etpmp.zl.sionandrocketmotors.resul.tedinrthe
creationofpowerplantscapableofpropelli~airplanesandguided
missilesatsupersmicvelocitiesprovidedtheaerodynamicend
operationalrequirementsofsuchaircraftwereknown.Itwas
recognizedatthistimethatpilotlessaircraft,hithertoutilized
~olelyasmilitaryweaycms,offeredoneof’thefewmeansofexamining
theactualflightcharacteristicsofairplsnesatveryhighspeeds.
Suchaircraftcouldbeb@lt toflyatsupersonicvelocitieswithout
endangeringhumanlife,anditwasbelievedMat techniquescould
bedevisedtomeasurefundamentalaerodynamicendoperationalflight
data~a totrsmmi.tthesedatatoground.stationr3,

Becauseoftheforegoingconsiderations,thePilotlessAircraft
ResearchDivisionoftheIku@.eyMemorialAeronauticalLaboratory
wascreatedinMay1945forthepurposeofobtainingfundamental
aerodynamicendoperaticmaldataattisnsmi.cendsuperswicvelocities
bycmductingresearchon~ilotlessaircraftinfli@lt.Inorderto

*

accomplishthispurpose,engineeringfacilitiesweremadeavailablo
atLangleyField,Vs.,anda teststatiw-”wassetuponWallopsIsland,

—

Ta. 4

Thefirstofseveralresearchah’plemstobedosigyedwastie
RM-1.configuration,a twc-stage,rocket-pwpell.edaircraftdesigned
toinvestigatestabilityandcontrolproblemsintransmitandsuper-
sonicfli@~t.A fli@t-test~rogrsmofbroadgeneralscopewasthen
started.Partsofthisflight-testprogramhavebeencompleted,The
presentpaperisconcernedwithtileresultsoffli~~ttestswde to
developsuccessfullaunchingad operational.techniquesandwith
thesimificanceofthedataobtainedintestsofsnRM-1model
stabilizedinrollflyingatvelocitiesupto~osecorrespondingto
aMachnumbercf1.4,-A-diEJ~WSSiOnis
alldesignanddevelopmentofthetest

SYMEOIS

al~opresentedofwe ove;-
mcxl.els.

,

w gross weight of missile at anygiventimeduringflight,pounds

M mass,slugs(w/g)

~ acceleration of gravity, 32.2 feetpersecondpersecond

—
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liftnormaltolongitudinalbo&yaxisofRM-1model,pounds

tkc’1.lsta3.o13gbngitudinal bodyaxisofM-1 mcdel,pounds

dmg along hngituainal Way axisofRM-1model, pounds

absolutelongitudinalaccelerationreferredtoFM-1bcdy
axis,feetpersecondpersecond

absolutenormalaccelerationreferredtoXlM-lbodyaxis,“
feetpersecondpersecc.uxl

flight -path angle, degree~

time,seccmds

timeincrement,seconds

velocityincrement,feetpersecond

fli~t-path-angleinc-rement,degrees

launchingangle,degrees.

angleofbank, degrees ud2#rollingacceleration,radiansFersecondpersecond —
dt~

Machnurriber(v/c) ..

velocity,feetpersecond

scmicvelocity,feetpersecond.
.,,.

staticpressureinfreeairstremn,pour&persquarefoot

total.pressurebehinda normalshock,poundspersquarefoo%

total. pressureinfreestream,poundspersquarefoot

maximumfrentalareaofRM-1mdel,squarefeet

cczrhinedeqpsed.areaofwingsandtail

staticpressureataltitude,poundsper

ofRM-1model,squarefeet

squarefoot



4

k

CD

A

A

Ix

NAOARMNo.L6J23

rattoofspecificheatatconstantpressuretospecificheat
atccmtantvolume

dragcoefficient

aspect ratio based on exposedareaendspan

angleofsweepback,degrees , .

momentofinertia,slug-feet2

ANALYSJSOFPROBLEM

Thepurposeofthepresentinvestigationwastodesign=a
placeintooperationa generalresearchairciafttiatcouldbeused.
toinvestigatestabilityandcontrolproblemsintransonicandsuper-
sonicfli@it.

prel~-ry analysesindicatedthattheproblemsoflateral
controlandstabilizationofhigh-speedaircraftwerelikelytobe
mostpressingbecauseofthelowrollinginertias~a lowrotary
aerodyn.mlcdam@ngcharacteristic~ofthesedesi~s,Consequently,
itwasdecidedtoattackthoseproblmsfirst.

Theover-allplaninvolvedthreebasicstages.First,the
modelhadtobedesignedtoattainashipba s~eedaswaspracti-
cablewithexistentfacilitiesandknowledge.Seccnd,a preliminary
flight-testprogremwasnecessaxytosolveanyoperationaldiffi-
cultiesandtoestablishcorrectMumAxlngtwchni.ques.Thesetests
involveduseof’noninstrumented,ordummy,models.AftertheseWO
stagesofdevelopmentwereacccunpltshed,itwasplannedtoequip
themdelswi’tinstrumentationofvarioustypesce.qableofmeasuring
6tabilityendcontrolPhenmnenaiThisstage,inparticular,required
thedevelopnmntandflighttestingofam.adequatetelemeteringsystem.
Once‘&isaimwasacccmpliehed,itwa~feltthattheRM-1desi~would
bereaiiyforresearchtestsofvarioustyyesofautamaticpilotand
control.

DESIGNFORSUPERSONICVELOCITIES

Anadequatepropulsivesystem,M? aerodynamicdrag,andstrict
weightcontrolarethedeterminingfactorsM theattainmentofsuper-
sonicvelocities.Theproblemconfrontingthede~ignerwasthatof

b

1
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designinganaircraft whichwouldemhdythesefactorsandyet
haveadequatestructuralstrengthandspacefortietrumntation,
endwhichwouldheeasytomodify.

PropulsiveSystem

5

Researchtestsrequirethedevelopmentofhighspeedsonly
forthetimeintervalnecessarytomeasurethephenomenonunder
investigation.Consequently,a propulsivesysteminsuringlong
flightrangeorduraticnwasnotnecessary.Thisccmsideratj.on
eliminatedthemoreinvolved,t~es ofJet-propulslcmsystem
(suchas liquid-fuelrooketsorram-$etsystxms),andsolid-fuel
rocketswerechosenasa propulsionsource.Inordertosimplify
tistrumsntccmstmcttonandoperaticn,Itwasdesirestokeep
launchin~andfli@tacceleratio~torelative~vlowvalues.
Rocketsofrelativelylowthrnstandlcmgfiti_~thneswarethere-
forechoseninpreferencetohigh-thrustrccketsofshortfiring
times● TheBritish5-inchcorditerooketmotor,rateclat1200
poundsthrustfor3.5seconds,wascmmideredtomeetthepower
specificationsandwaschosenforuseintheRM-1mctlel.

Preliminarycalculationsindioatedthatonerocketmotor
possessedinsufficientpowertocarrytheestima%dpaylcadsmd
structure of the R.M-lmodeltosupersonicvelooitj.es.An
additionalpowerIx30stwasthereforerequired..h preferenceto
ustiga cata-titlaunchingrampwhichentaileda lazzgee~enditure

.

ofworkandtime,itwasdecidedtodesigntheFM-lasa two-stage
rooket.Witisuchanarr~ement,tietestbodyoftheI/M-lmodel
wouldbeattachedtoa boostertailrocketthatwouldjettism
itselfafteritsfuelhad.beene~ended.A.1.&ux@h‘&epZWM,~
presentedbya two-stagerocket systemat firstappsazzedformidable,
itwasfelt&at suchanarrangementwouldulthatelyprovesuperior
to&hermethodsofprovidingboost.

AerodyneM.candStructuralDest~

An over-alll~outoftheRM-1configurationispresented
asfigure1 anda photographofthevehicleissham asfigrme2.
Theprinciplesunderlyingthecaqmnentdesi~O?thts@l”cinftare
discussedinthefollmwingsecti~s.

B@v aesi~.-Theresultsoftheinvestigationreporte~in
reference1 showthatincreasingthefinenessratioof’a body
reducesitsdragatsuperscmiavelocities..Laterresultsobtained
intheLangleyFlightResearchDivisionindicatethatfinenessratios
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oftheorderof,12 to 15 percentmaybeoptimumforlowdragat
transonicvelocities.A cylindricalbodywasthelseforedesignedto
possessa finenessratioasclosetotheoptimwnasyossibleemd
yetbeccm~atiblewithstructuralandinstallationalrequirements.
ThedismeterofthecyMndricalbodywasrestrictedto6 inches,
tieminimumsizerequiredtohuse thesustaininginocketandyet
carrytheestimatedstructuralloadsandinternalapparatus.A
small.conicalnosewasfairedintotiecylindrical part to form
a bodyoffinenessratio22.5.~is cmical-nose secticm waschosen
titer a studyoftheresultsofreference2whichindicatethat
thisshapewouldprobablybeasgoodaerodynamicallyasmorerefined
@hapesforusewithbodiesoflargefinenessratio.

ThePM-1bodywasdesignedtoconsistofa se~iesofmagnesium
monocoquesections(seefig.2),eachsectionreadilydetachablefrom
theothersandhousingsepxratepartsoftheequ~lynenttInaddittcm
totheccmvenienceofmaintenemceandinstallation,thiofeature
providesforrapidmodificationofbmlylength,Fortestsofdumy
models,thesectionsinfrontofthewingwerereplacedbya solid
woodenbcdyofidenticalshapeandweight,

.
Win~andtaildes~.-RecentdevelopmentsinGermanyandthe

UnitedStates~seereferences3 and4)havetidicatedthedesirability
ofutilizingswept-packylamformstoincrease the critical Mach
nuniber(delaytheadventofcompressionshock)andhencetodelay

.K

theriseindragandtheleasofccm%roleffectivenessattransonic
andsupersonicvelocities.Althoughitwasrealizedthatsweepback
dldnotguaranteeimprovedaer@nsmiccharacteristicsatspeeds
exceedfngthatcorrespcmdi~~tothecriticalMachnumbei-ofthe
swept-”backsections,neverthelessitsusea~peare’dtoofferthemost
favorableapprmchtotheproblemofmaintainin~cantrolthroughout
thetrammnicandintothesupersonicrangesofvelocity.Wingsand
finsof45° sweepback,therefore,wereincorporatedintotheRM-1
desi~. A sweepbaclcangleof45°waschosenbecauseitwaslarge
enoughtoIndicatetieinfluenceofsweepbackcmaei’odyneml.ccharacter-
isticsbutsmallenou@nottointroduceanyseriousstructuralor
aerodynamicproblems.Becauseofitshid~critical.Machnumberthe
MCA 65-010airfoilsectionwasticorporatedintoMe wingandfin
desi~9

Inordertominimizetherollingmomentscreatedlyairplanes
withswept-backplanformswhensideslippimgatvalueofliftother
thanzero, a cruciformdesignwasadoptedfortiewingsandtailfins
oftheF/M-lmodel.Withthisarrangementtherollingmomentscreated
byonesetofwept-bacliwingsaretheoreticallyequalandopposite
tothosecreatedby theotherset.Actud~y,unpublishedtestdata
obtainedintheLangleyfree-fli@ttunnelindicatethatatmcderate
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andhighanglesof
blanketi~effects

7

attack orsideslip,body-interferenceandpartial-
resultinthecreatimofscmerollingmoments

withside~lip.ThewingsendfinsoftheR.M-lmodelwe= con-
structedofMminatedsprucestressedtotakea l%gload.

Aileron-controldesi~.-A plain-flaptrailing-edgeaileron
cont~olwaschosenforthefirsttestsoftheFM-1model.These
aileronsaremountedontwodiametricallyopposttewingsandareof
33percentE-S- SM 10percentchord● Asshowninfigure3,the
aileronsareequippedwitha 200-beveledtrailinged~etoprovide
aerodynamicbalanceatsubsonicvelocitiesandal’eccmpletolymass-
balancedtoavoidflutter.Theyarehingedona ~inwhichisinternally
eyring-loadedtoprovideforeasyremovalandinstallation.Stopsare
providedtoMmit theailerontravelto‘QOO.Theailer~ are
constructedofcastma~esiumtoreducetheirinertiaandarenm.ss-
balancedbya stripofdensemetalalloywhichisattachedtothe
leadingedgeofLLecontrol.

Booster-talldesi~. -A studyoflaunching%chniquesindicated
thattheprima~probleminvolvedinthedesignofa second-stageor
boosterrocketisthatofkeepingtheboosterrocketcarefullyalined
sothatitslineofthrustpassesthroughthecenteroffiyavityof
theairplene.Ifthisalinementisnotaccomplished,thebooster
rocketwillcreatelargeasymmetricmomentsthat,atlaunchingorlow
speedsatwhichtheaerodynamicdampingofthea&@@e ismall,
willresultinviolentmeneuverhgandeventualdestmcticmofthe
airplane.Itisalsorequiredthattheboosterso~aratepositively
butmmothlyafterfiringtoavoidjarringthemainbodyandthat
thsseaimsbeaccomplishedwitha minimumofadditionalweight.~
addition,therearward(destabilizing)movemntofthecenterof
gravitycausedbyboostirattachmentmustbeaccountedfor%yadditicn
ofsuitablestabilizingsurfaces.Theseproblemsweresolvedasfollows:

Cruciformtriangulartailsurfaceswereattachedtotherearend
oftheb~osterrockettocompensateforthelossinstaticstability
causedbyrearwardmovaentofthecenterofgravity.Theeffactiveness
ofthesesurfaceswasdetel-edby thetiecmyof’reference5 and
checkedbydroptestsofj-jj-scaledynamicmodels.

Inorrdertoavoidmisalinementofthebooste.-thrustaxis,a
specialfixturewasdesignedtoattachtothefz’cmtendofthebooster
rocket.Thisfixture(seefig.4)wasdesignedtoutilizethenozzle
ofthesustaini~rocketasan alinementjig.Whenassembled,the
%ooste~-fixtureslidefitsintothenozkleofthesustainingrocket
andtherebypreventsbendingmovementsinanydirection.Thethmst
oftheboosterrocketwastransmittedtothelipof’thesustaiting-
rocketnozzlesothatnoloadwasbroughttobearontheinternal
plug.Theboosterfixturewasalsoequi~edwttha compressedspring
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whichwasdesignedtoe~eotthe~oosterf’rcmtthesustainingnozzle
titerboosterfiring(intheeventthatthedragofthebooster
unitwasinsufficient).Thissyringwasheldinitsccsdpressed+ positicmbymeansofa friction-gripassemblytightenedwithtwo
hollm?boltscontainingdelay-ignitionexplosiveca--s.Thesecays
werewiredtothefiringcircuitandweresettorelemethefriction
gripafterthemissilewaslaunched.Thespringwasreleasedauto-
maticallyaftertheboosterthrustfellbelow150pounds.

Autcmatic-pilotdesign.-Anall-electric,flic~ker-typeautomatic-
pi.lotdesignconsistingofonerategyroscopeandcmedisplacement
~oscqe, solenoidservaechanisms,endthetrailin~-edgeaerodynamic
controlwasdesi@edtostabilizetheI?M-lmcilelini’oll.‘I!his
systemwaschosenbecauseofitssimplicityandbecauseofits
inherentquick-actingoperation.A schematiclayoutof’thissystem
issham infigure‘j.

Enoperation,a deviationofthean@leofbenkred/orrolling
velocityisdetectedbythegyroscopeswhichbyzneermofa two-
sefylentcaamutator,relaytheprqerelectricalsi~altothe
solenoidsm?vomchanismsmountedineachwing.Ener@zatj.cmofthe *
servomechanismscausesenabruptdeflecticmoftheaerodJmamlccon-
trols.

“

ThecommercialrategyroscopeusedintheRM-1testsisequipped
withstopswhichltit itsactiontoanglesofbaizkwithln~14°.
Atanglesofhankgreaterthantheseliqits,contiiolsignalsare
determinedsolelybyacticmofthedlaplacementg~oscope(right
hankremilti~inleftailercm;leftbankresultinginri@tallercm).
Wi.thintheratelimits,however,therategyroscopeprimarily
detitinesthetimeofsignalreversal,, beingsoamsngedastocause
thecontrolmoticntoleadthebodymoti.on.(Controlreversalis
accomplishedpriortoreversaloftheangleof’lmnl:~)

—

Becau~eitwasrealizedthatthettilelagbetweenthetimeof
sigualreversalandthetimeoffull-cantrolapplicationwouldbe
thedeterminingfactorofthesmplitudeofthea@l.e-of-bank
oscillationsunderautcmaticcontrol,everyattemptwasmadetoreduce
themchanica3andelectricallagintheautcmatic-pilotsystem,
Particularemphasiswasgiventoreducingtihetimelagintheservo-
mechanisms. Thelag inservatnechanims,afterdevolapment,wasof
theorderof 0.03 to 0.05 second-valuesdefinin~thetimeinterval
betweenthetimeanelectricalsignalwasinteoducodintothesolenoid.
coilsandthetimetheaileroncontrolsreachedfulloppositede-
flecticm(tlOO).Thepowercharacteristicsoftheservomechanisms w
areshowninfig-we6.

CEE?5%?m
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LaunchingApparatus

TheM-l testbodieswerelaunchedfroma zero”lmgthlaunching
ramp,a sketchofwhichisshuwnasfigure7. Thelaunchingrap
consistsofa boxbem mountedona T-shapebaseandhingedatthe
junctionoftheT. me freeendofthebeamissuppor+wdcma pin-
endedst.mtwhichcanbead~ustedtoraiseorluwertheendofthe
_ andthusad@stthemissilelaunchingangle●

When~O~teacmthe launchingramp,the RM-1modelis sup-
ported either bY twosupportarmsorby onesuwort armanda tail
rest.Ifthemodelis to be fired with a booster rocket,bothsupport
armsareused;iffiredwithouta booster,oneswpportam andthe
tailrestareused● Thesupportamns=e hinge-pinnedtothe-
endareheldina retractdpositimbyelasticshockcords.When
a modeli.smountedcmtherampSa ccmrponer.tofitsweightholdstie
supportarmserect.Whentherocketisfired,theelasticcord
causestheam toretractintotierampinordertoclearthepath
oftieairplane.A photographoftieRM-1ndel.mountedcmthe
launchingrampisshownasfigure8.

RadarEquipment

A continuous-waveDopylereffectradarsetjtie~!~~’5
(s98fig.9),wasusedtoobtainvelocity-timerecordsoftheRM-1-
mo~elduringtheearlypartofitsfli~t, ThisradarBet is
a groundinstallationthattransmitsccmttnucusradarsigpals of
knownfrequencyandwaveleagthalcmga ccme-shapepa+ihofvertex
angle of 7°. Reflectedradarechoesfrcma movingbody are received
by$mtonnamountednearthetrermmittirmd aremergedwiththe
transmit-teaeignals. The’reealtantteatfrequenciesarea function
ofthe?xxIyvalocitiesandarerecordedasa traoem a chronograph
detice.Thsflightvelocitiesayethendetenuhmd&ranthechrono-
graphrecords.

Instrumented

,

RadioTelemeter

modelsoftheRM-1modelwereinternaUyequipped
witha fcur-channelradiotelemsterdevelopedBYthe~&--nt--
ResearchDivision of the LangleyLaboratory● A photographof the raMo-
trensmltter part of Wis device is shownas figure 10. ln operatdmj
the movementof one of the instzment cammxtatorsmodulatesthe



frequencyofa subcarrferwhtch,inturn,modulatestheamylitide
ofa high-frequencyradiocarrier.Atthegroundreceivingstathns,
t&eradiocarrieris&etecteawitha wide-’bandreceiverandthesub-
carriersarefedtoa setoffourdiscriminatorseachofwhichis
tuned,tooneofthecenterfrequenciesofthesubcarrier.Theoutput
ofeachdiscriminatorisproportim+.tothedeviationofwe input
frequencyfromthecenterfrequencyandM recordedhya multiple-
elenmrtrecording

Photographic
we M-l modelto

galvananeter.

PhotographicApparatus

installationswereusedthroughoutthetestsof
obsezwelauncheroperationendgeneral.flight

behavior.TheseinstallatimsincludedMitohe3135-millimeter
mntion-picturecemeras,Cin6-Kodak16-millimetercameras~andArmy
K-24aerialcamerasingroundemplacements● TheK-24cmeraswere
uscxiprimarilytorecordlauncheroperwticmandOperateaat&pprox-
imately3 framesperseccmd.T!heMi%hellandC@’-Ihiakcameras
operatedat125and64framespersecond,respectively.

NHXK!TION0?DATA

.—

*—

.

Accuracy

Theitemstelemeteredinsaneofthetestsreportea herein
wereangle of bank,normalacceleration, lcngitucljnal acceleraticmj
andtotal pressures. Experiencehas sham that the total error
involvei in the telemeteringof queutities suchastheseisof
theorderof1 percentofthemaxbuumscalereadmst Consequently,
theteienetereditemsarebelievedacauratswithtithefollow~pglimits:

Normalacceleration,... . . . . ..s O.. O. . . to Jog
.

Totalpressure. . . . . . ......~s~.c.. ~0.’jtn.Hg

Angleofbankrelativeto~oscoyereference. , Q . . tO.9cl.eg

Determinationof Flight Path

Theflight-pathcharacteristicsoftheRM-1modelwere u

determinedasfolim~s:
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If the assmptlon is madethatthe static stabil,tty of the
RI$-lmdel isverylarge,theaircrai’twilltend.toal&
itselfwiththerelativewindatall.t-s =~atieforcesacting
m itareMoseshowninfiguren(a). Reso3.utianoftheseforces
alongthe10ngitiam2andnormalbodyaxesofthemtielfields
th9relationships

z kongitudind forces =kkL= T -D -Ifsiny (1)

>— N-1 forces =&Na -Wcosy+L (2)

lllvidlngequations[1)and(2)bythemass M givestheacceleration
equations ,, .,

T -D
—-gsin7%= ~ (3)

LaN= -gcos Y+~ (4)
T II

Thequantities~ -D ofequation(3}em,d~ 0?equatton(4)

representtherelativeacceleratimsoftieIiM-lmodelabdcan
beiiirectlyobtainedf rm %lemetersdacceleration data. Solutkn
of equations (3) ad (4] for the f Hat-path angle 7 by dtrect “
mathematicalmethodsis difficult because” 7 la a function of the
acceb=,t~~8 aL = %“ Coasequem!il.y,recourse wasmadeto a
step-bY-s&&pintegrationasfollcws: . .

T-Dvaluesof y L
-fi- insttimewereobtainedfrcm.

telemeteredrecords ad thetotaltf.m scale wasdividedintoa
seriesoftinsincrementsAt inlmgth.Whenthevalueofa
qu~tltyatthestartofa t- incrementisaenotedbythesubscript
n ma thevalueatthema ofanincrementby n + 1 thefollawing
itersntrelationshipscanbesetu~:

where

()‘T-DaL(n+l) =
T (n+-l) -8 sin 7(n+1)

,,

‘(n+l.) =7n+Ay

(5)

(6)
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A vectorialrepresentationofequation(8)isshownasfigureIi(b).
Inordertostartthetra~ectaycalculations,itisnecessaryto
knowonly thelaunching.conditions.Att@e t = 0, theflight-path
angleisequaltothelaunchinganglee, and V~ and VNn are“ ‘
zero.Theseconditionsareassumed.topersistthroughthefirst
thneinterval.

Duringthetimeintervalbetweent = O and t =At, therefore,

‘T-D
L)aL=~ -gsinc

At

aN.
()
~-gCosE +
MAt

(9)

(lo)

where()
T -D and

(J
&

-%-- arevaluestakenfromthetelemetered
At t

dataandaveragedovertheperiodAt.

.

.
—

~Om eCIU.atiOIM(9) and(10), VdW3S Of aL SJ2daN duringthe
first timeincrementcanbedetermined.Byuseofequation(8),Ay
andhencey at‘heendofthefirsttim..periodcanbedetermined.
Thevalueof 7 obtainedinthismannercanthenbeintroducedinto

T -Dmd~ atitheequations(5) and(6) withnewvaluesof —M— M
flight=pathchangesoccurringinthesecondtimeincrementthen
determined.Theprocedureisrepeatedforaslongasdesiredand
yieldsthetimehistoriesofthefli@t-pathangleandthebody
velocities.Integrationofthevelocitycurveswillproducealtitude
andrangedata.

DeterminationofVelooity

VelocityvalueswereobtainedfromtheDojyplerradarrecords
bya simplemathematicaltreatmentinvolvingtherecordedfrequencies
andthewavelengthofthetransmittedradarwave.

.Velocitydatawereobtained’fromtelemeteredlongitudinal u
accelerationdatabythefollowingprocedqre:

Thevariationoflongituinalaceel

-“’=’’” ‘

wasdeterminedfrom the fli
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to absoluteaocele=tbnsbysubtractingthegravitatiacalaccel-
erationcomponentg sin Y} wheretheflight-pthemgleY is
positiveinclimbingflight.Theabsoluteaccelerationwasthen
plottedagainsttimeandtheourvewasintegratedtoyieldlongi-
tudinalveloci~.

KTotal-preem.memeaSurements were convertedtoMachnuniberby
utiliz~ thefollowingtheoreticale~ressicnobtaimdfrcm
equationsinreference6.

(k * ~)(k+l)/(k-l)#k/(k-l) .3?3—
-=

~is e~ressim ,defines the ratio of the totsl pressure behinda
normalshockwave p tw the stattc pressure in the free stream
~ ,in y- of J*3:ti3er M. !rlletot&Lpressure. p3 was obtained
directW f ran test data. me static pressure ~ was obtainedfra
standardatmos~ere ‘~bles (reference 7) aftar tie determinationof
theR&l-ltrajectorybymethodsdiscussedpreviouslyinthepresent
section. Theratioofspecificheatsk wasohosenas1.4forall
oalculatdone*

Thesped of
waso’b+~inmifran

soundc W@ to convert
the relaticmship

velcmity to Machnmiber~

wherethegascons@ntforair”R wascho~n
theP.?.eolois tmwrature inc!!?ate,ltihuio.

IkagandNo~”lForce

ThedragoftheI?M-lmodel“inuounds‘ns

as 1716, && ‘ T is

. .

ob‘minedbymultiplying
thetelemeteredpaver-offlongitudinalaccelerationing unStsby the
weightofthemissile..A sigdlar,Qro@urere@iz@ norzqilacceler-
ationwasusedtoobtainnormalforce.!lXedragcoefficientwas

D/l??
calculatedfromtherelationsliip~ = -. (Seereference1.)

.“ ;:~ ,.

Incertaincases,thiscoefficientwascorrectedtoplen-foymareahy
ImIltiplyingCD bytheratioF/S; whereS istheconibinedexposed
azzeasoffourwi~s endfour“tails.
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Thetelemeteredrecords
directlybyuseofprefltght

wereconvertedtoangleofbank
calibrationresults.

ANDDISCUSSION

LaunchingCharacteristics

Calculations.-Inorder to estimatethe launchingcharacteristics
ofthemodel,itsdragandthrustoharacteristioswereestimated,
andthestep-by-st,epsystemofcalculati~discussedintheprecedfng
sectionwaButilizedtocalculatetheflight~aticharacteristics.
Theestimateddrag curve used in the caloulatims is ehownin figure 12
endisbasedonresultspremnted.inreferences1 end8. Figures13
and.14 present the calculated zero-lift-%-a$ectories of the lW-1model
launchedat different angles, with andwithoutbooster, for
design gross weights of 110poundsfor~ebagd.cbodyand& pounds
fortheboosterstage.ThecalculatedV=”iatimofmaximumvelocity
withlaunchingsngleisshcmninfi~e15.

.

Thelaunchingcalou.latiausindicatedthatthe~econd-stage
rocketwouldincrea~ethemaximumvelocityoftheFM-lmodelby

“

approximately33percent.(Seefig.15.) Itwasalsoindicated
thatthevariationofmaximumvelocitywithlaunchin~anglewould
besmall.althoughhighestvelocitieswouldbeencounteredatlowest
anglesbecauseofrelievinggravi~tionaleffects.

A launchingangleof60°wasselectedforthetestsbecauEe
lawersnglesprcdncedtrajectorieslesssuitableforradartracking
endhigheranglescausedunnecessaryreductimsinmatimumspeed.

Thecalculationsalsoshowedthenecessityforstrictweight
control.Figure16presentsthevariationofmaximumvelocitywith
overloadweightfortheRM-1modellaunchedat@o. Thesedata
showa sizablereductionintopspeedwithincreaseinoverload
weight,thetopspeeddecreasingapproximately100feetpersecond.
foreach20poundsaddedtothemainbody.

Dummyflimhttests.-ThefirstRM-1model+@‘befiredwas
a du&—&XLyof1.2~poundsgrossweightequippedwitha boostertail.
Thelaunchingapparatusfunctionedperfectlyinthistestasinall
others,andreleasedthemcdelwithoutanynoticeabledisturbances.
A photographofthemodelleavingthelaunchingrampisshuwnas
figure17. Althoughtheaircraftfuncti~edwellduringtheearly

.

.
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pa?t of its flight,itdidnot reachttstq speedbecauseof
failmeofthebooster-rejecticmapparatustore ject the booster
tail. Sentrycircuitsthereupcmpreventedthesustainingrocket
fraafiringandtheentireasseniblyremained.togethert&ou@hout
the flight ●

.

Althoughthemodellaunchingdidnotacco~lf.shitsultimate
aim,theresultsofthefirsttestdemonstratedthata two-stige
rooh%tcouldbelaunchedsimplyandsatisfactii-i3yfrana zero-
lengtilauncherandthattiestabilityofthemissileplusbooster
tailwasadequate.Inordertodeterminethestebilityofthe
basicbody,a seconddunmyRM-1mcdelwasfiredwithouta booste?
tail.(Seefig.18.) Againlaunchingwaauumarredandtheair-
craftcontrol-fixedflightwaacompletelystable.

Thefailureofthebooster-rejectionunittofunctionproyerly
wasbelievedtohavearisenfrcmfailure,prio~mtofli.@lt,to
compressfullytherejectingsyring.(Seefig.4.) Consequently,
theboosterthrust@uuedthealinementconeintothesustaining
rocketnozzle andthereby preventedre3ectionoftheboostertail.
A newbooster-re~ectionunitwasthereforedesi@ed.(seefis.19)
whichavoidedthisdifficultycmi,inadditicn,lessenedtheweight
oftheunit.

Thethirddummyfiredccmsisted.of”thebasicbodywiththe
revisedboostertail.AllapparatusfLUICtiOnedasdesired-launching
andboostersepazzationwereaccomplishedwithoutmishap.Radar
recordsobtainedinthistestazzeshownccmverted.tovelocityin
figure20. Zhesedataindicatedthatthemaximums~eedmeasuredin
tietestwaswelltitothesupersonicrange(M= approx.1.4)andof
theorderofthevaluescalculatedbythestep-by-stepprocedure.

Itwasnotedfrommotion-picturereco~tiofthethirdflight
thatthesustainingrocketfiredalmostimmediatelyafterthebooster
unithadbeenresected● Thisconditicmaroseasa resultofthe
increaseinthebooster-rocketburningtimeduetothelowaizuos-
pherictemperaturesprevalentatthetimeofthetest.Thisphenom-
enon,ifaccentuatedfurther,couldhaveledtoanexglosicmofthe
sustainingrocketduetoblockingofitinozzle.Additionalcalcu-
lationswerethereforemadetodeterminetheeffeetofincreasing
firinglagbetweenthetworocketstages.Theseresultsindica&i
cmlya smalldecreaseinmaximumvelocityforreasmabletimelags.
Consequently,thearmingcircuitswererearran~edtoprovidea less
hazamious(2-see)firinglaginthenexttests.
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Theconclusicmofthedummytestsmovideda pilotless-
aircraftarrangementthatcould-belaun~hed,fluwn~endtracked
uytovelocitiescorrespondingtoa Machnumberofapprox.inmtely
}..4.Theaircraftwastherefore equippedwithapparatimsui,tablo
fora quantitativelateral-control investigation.Forthisphase
oftheflightinvestigation,themcdelwasequippedwithits
flickerautomaticgd.lotandthefour-channeltelemeter.

Fli@toffourthmcde~.-Thefourthmtielhav~ a grossweight
of12hpoundswaslaunchedequippedwithtelemeterandautomatic
pilot.Althou@thelaannchlngwassuccessful,theair@anefailed
toreachsupersonicvelocitiesawingtoi~iticmfailureofthe
sustainingrocketaftertheboosterhadbeenrejected.Thevelocity-
timedataobtainedinthisfli.gjhtfrqmtheraderdataaregivenin
figure21. Theradarrecordsshuwthat‘&emaximumsyeedattained
bytheI!M-lmdelwasapproximately700feetperf3econd.

.

Becauseofthelowspeedsobtainedinthefourthflight,only
theangle-of-bankteleme~rrecordspossessed”quantitativesignifi-
mnce● Thesedataindicatedthatsatisfactorybankstabilization

.

ofapproximately~4°emplitudewasobtainedtk~ou@outtheentire
flight.

—
.

I&if@toffifthmodel.-Thelaunchingofthefif& model,a
configurationidenticalin shapeandequipmentwiththatofthe
fourth,wascompletelysuccessful.Nodifficultywasencountered
inlaunching;thetde~tii-operatedsatisfactorilythroughoutthe
flight;andthemodelwastrackedbyraderovermofltofitsinitial
flightpath,.Tireshistoriesofthelongitudinalandnormalacceler-
ationandtotalpressureobtainedfranthetelemetereddataare
giveninfigure22. .—.

Velocitymeasurement.-A comparisonofvelocitydataasobtained.—
franintegraticmofthelongitudinalaccelerationdata,total-pressure
measurements,andradarrecordsisgiveninfigure23. Thesedata
indicategoodagreementbetweenthethreeexperimentaltechniquesof
velocitymeasurement.l?~ticularlygod qyreement(withinb percent)
wasobtainedat.thetrsnmnicandSuyersmicvelocitiesafterthe
igniti.cmofthesustainingrocketatt =.5.75seconds(approx.). At
lowervelocitiesandtimesthanthosecorrespondinfitothisvalue,
discrepanciesinvelocityvaluesweremoreevident.

Theaccelerationdataarebelievedtogivethemostaccurate
velocitymeasurementatsmallflighttimesandhenceatlowspeeds. .
Sinceerrorsareaccumulativeinanintegrationpz’ocess.,however,

—-.-.%-
.
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thevelocityerTorshouldincreasewithttme.Basedonthetelemeter
accuracypreviouslymentioned(OC16g],velocityOi*i”OrSfromacceler-
ationdatawereestimatedtobeoftheorderof%20feetpersecond
atspeedsbelow700feetpersecandandaboutSO feetpersecond
atmaxhnumspeed.

Actually,itisbelievedthattheaccuracyortheacceleraticm
resultsismuch%et’tierthantheforegoingestimtesbecauseofthe
closeagreementoftheaccelerationdatawi-’&thetotal-pressure
dataathighspeeds,wherethetotil-pressureprocessIsbelieved
b bemoreaccurate.Atthetopvelocityrecordedintieflight,it
isbelieved&at thetotal-preseuremeasurementsareaccuratewithin
@O feetpersecond;haweveratlawsubsonicvelocitiesthetotal-
pressuredatacemhaveinaccuraciesofover~lCKlfeetpersecond
basedonthepreviouslymentionedtelemeteraccmacy”(~.~in.Eg).
Becausethetelemeterpressurecommutatormustbeconstructedin
sucha mnnerthatitwillbecapableofmeasurin~tiehighimpact
pressuresassociatedwithtrcmmnicendsu-persmicvelocities,it
cannotbeexpectedtomeasureaccuratelytherelativelylowhnpact
pressuresassociatedwttlhlawsubscmtcvelocities.Thelow-speed
partofthevelocitycurveobtainedfrcmtmpactpressuredatahas “
therefore%eenemittedfromfigure23.

Ther~i” methodofmeasuringvelocityisbelieved.tobethe
mostaccurateofthethreemethodsem--loyed.Itislelievedthat
velocitycenbereducedfron,theradardatawithin~10feetper
secondofthetruevelocityvalues.Thiserrorisbasedonthefact
thatthelongitudinalaxisoftiemcdelisnotconstantlyinline
withtheradarbeam.Itshouldbeobserved,however,thatthis
technique,liketheaccelerationmethod,registersgrounds$eed
ratherthanairspeedandhencemaydifferfrcmtotal.-gressurevalum
deyendh~.cmthewindsencounteredinflight.On+hefiringdate,
thewiniieataltitudewerelesstian15feetyersecc@;hencetheir
effectuponthecorrelationof velocitytechniquesshouldbesmall.
Althoughtheradardatawere in excellent a~eement with those obtained
fromothermethodsaftert = 5,75 S8COW,tiersdezidatareadlowat
timesprecedingthisvalue.Thereasonforthediscre~mcyis
leliemdtobethattheradarwasreadingthevelocityofthebooster
t!%ilduringtiiecoastlng~eriod.Fora shortperiodoftime,the
boosterwouldremainbehindanddirectlyinllnewiththetiel.
Becauseoflimitationsinradarrecordingequipment,itwaspossible
toobtainradardataforonlya shortperi~ofthe. Inorderto
obtainthemostvaluabledata,theequipmentwasnotputinoperation
untilapproximately4.5 secondstiter the modelwaslaunche&. As
indicatedinfigure23,noradardataareavailableafterapproxim&tely
7.5 seconds.Aftirthisthe,thetrackerswereunabletokeepthe
radarbeamonthemodel.
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Inasmuchastheaccelerationdataa~eedcloselywithother
dataattransonicendsupersonicvelcmitiesamlsincetheaccoleraticm
dataarebelievedtobethemostaccm”atedataavailableatsu%sonic
velocities,thesedak wereusedtodefinethevelocitycharacter-
isticsofthofifthflightoftheI?M-lnmiel.

A canparisonoftheresultsinfigxde23witi~thoseinfi~e 20
showsthatthema@numvelocityoftheI?M-lmodel“In3.tsfifth
fli@twassamewhatsmal?.erthanrecordedbytheradarforthe
thirdflight.Thisdifferenceinmaximumvelocityisbelievedto
lelargelyduetoaninequalityinrocketthrustQ TM thrustofthe
boosterandsustaini~rocketsofthefifthmodelisshownh fi~mre24.
Thesedatawereobtainedbyaddin~thedra~incoastingflightto
thethrustcurvesinpower-onflightandindtcatethatthesustaining
rocketofthefifthmodelproducedlessthanitsratedthrust(1200lb).
Calculationsindicatethat‘Ifthesustainin~rockethadprcducedthe
samethrustastheboosterrocket,a maximumvelocityinexcessof
thatcorreepmdingtoa Machnumberof1.4wouldhavebeenobtained.

Drw data. -Theover-alldraGanddragcoefficient(basedon
maximumbodyfrontalarea)”oftheRM-1m&lelinyawer-offflight

—

areshownplottedagainstMachnumberinfigure25.
.

ThedragdatafortheRM-1modelshowthattilewingandtail
surfacese~eriencedsharpdragincreasesintheMachnumberregion

.

between0.951and1.04.A moregradualIncreaseinthedragcoefficient
occurredatMachnumbersinthevicinityof0.90to0.95.Tillsdrag
risewasprobablycausedbyshocklossestithefv.sela~einasmuchas
datafromreference1 indicatethata hi.m-i’ineness-ratiofuselage
reachesitscriticalspeedinthisreg3.on. .

At superscmicvelocities,thedragrosemorexaduallycausing
a near-iineardecreaso3.nthedragcoefficient,

DragresultsfortheRM-1modelareina~eementwi~ ~eo-
reticalpredictionsandtestdatameasr.redbyotheuinvestigators.The
criticalsyeedrangenotedinthepresenttestsisinGoodagreement
withthatobtainedinwing-fluwtestsofa W@ planformsimilar to
that of the FM-lmodelbutofhighe~aspectratio.(Seereference8.)
III addition,thetheory ofrefei”ence3 indicates that tie critical
Ikch numberof a section increases as the cosine of the sweepangle.
!Ihecritical Machnumberof en airfoil sectlcm (lt/LCA65-210)similar
exceptincembertothetestsectionisestimatedfrcmlm~-speed
pressuremeasurementsatM = 0.75.(SeeDeference9.) Ifthegain
incriticalspeedveriedasthecosineofViesweep~e, thetest
wingwouldhavebeenexpectedtoreachitscriticals--eedatM = 1.06.

*.

Three-dimensionaleffectswere ap~~elltly.respa.sihleforreducing

tov~uesmasuredti~e:m~by ti~o”’mns’~al~eo~ ,;
thegatiincriticalMach
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A canparisonofdrag-coefficientdatafoimtieRH-1
similardataobtained.intestsofa researchmd.el(‘&e

19

model with
RM-2aircraft)

equipyedwith45° swept-backwingsbythe.flighttechniquesof
referenceM isshowninfigure26. All ~ c~fficients shown
in this figure are based.on total exposedwingsni tail area to
facilitate a moredirect comparison.

Thedata presentedinfigure26 showthat the bag characteristics
obtainedin tests. of the RM-1modelazzein ~eem6nt with those
measuredfor the RM-2model. !Ihe aircraftreachedtheircritical.
velocitiesinthessmere~ionendtheirdragcoefficientsEwein
fairquantitativeagreement.Thehigherdragcoefficientsofthe
RM-2mcdelareascitibed.toobvious“aerodynamicd~ti?erencesintie

Normal-accelerationdata.-Thenorml-acceleraziuu&ata~Lottad
infigure22 showthatthemissilereceiveda sharpincrementalnormal
disturbance(about2g)whenthe.sustainingrocketstartedfiring.
Afterthesustainingrocketwasfired,onlysmallvaluesofacceleration
normalb thelongitudinalqxiqwereexperienced,.whichindicatedthat
themissilewasflyingata liftcoefficientclosetoitsdesiqzero

—

liftcoefficient.,

Lateral $litit data.- Theflighthisbryofthelateralbehavior
of the RM-1modelas obtainedfran telemeter records is Tresented
chronologically in figures 27 to 30. . Theresults presentedin figure 27
showthat the modelreceived a slight rol.lin~ disturbanceuponlaunching.
Corrective catrol by ailerons wasapparentlya~plied as indicated by
We reversalofthebankcurve.Atthe1.-sec@dmark,thedata
indicakthatthemodelreceiveda largerolli~distimbencecausing
ittodivergerapidlyinleftW& untilthe3.7-secmdmark,at
whichtimetheccmtrolstoppedthedivergenceeinfidemledliQe~otion
tosmallvaluesinslightlyover1 sectid.Thecauseoftherol-ling-
mor~ntdisturbanceisuncertain..The“acreasingtilopeofthebank
curveafterthel-seccndmarkwouldappeartoindic~.tethatthe
controlwasinoperativefora bhorttime..Th~~,itispossiblethat
thecmtrolyasjemmedforapproximately2 seccmds.ItisalEono~d~
however,thatthetime,atwhich.&econtrolreversedtierollingmotion
& .[~;~s~rrespondstothe,timeatwhim’we boosterthrustbegan

Itispossible,therefore,thattherolljngdisturbance
wasinducedbypawereffectspossibly.throu@inflowetfectsinthe
neighhorhodofme booslxm?tail,surfaces. ,.

Figure28 showstihat&ter theailercns’re@inedcontroloftb
modelmotimm,excellentrollstabilizaticmwas~btaineduptoMach
numbersof0.95to1.0.Thenresenceofanout-of-trimrollingmoment
onthemodelisindicatedby‘tieasymetryof the rolling curve within
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me-halfcycle.Figure31showsanenlar&mentoftheactual
telemetertraceatMachnumbersnear1.0.Anarm~oximatsestimate....
ofthesizeofthisout-of-trimmomentandtheaileroneffectiveness
wasmadebydouble-differentiatingthelankcurveoffigure31near
itspeaks(whererollingvelocity,henceaer@namicdempin~maaents,
arezero)andbyassumingthatthegrosstorque(ccmtzrolmcment
t ou%-of-trimmxnent}wasequaltotheinertiare~i.stingmomontI.#.
ThisyrocedureindicatedthatatMachnumbers~ustbeluw1.0,the
out-of-trimmomentwasapproximately20foot-poundsascomparedwith
a controlmomentofapproximately25foot-pounds.

Aftera Machnuniberof1.0wasreachedtheRM-1modeldiverged
rapidlyinrollslthoughevidenceofrestoringcontrolaction
pcmsisteduptoa Machnumberof1.1.A>velocitieshigherthan
tba%correspcmdingtothisvalueofMachnumberthemodelrolled
contimouslytotherightwithnoevidenceofoperativeccmlzol.

Thefailureoftheautmatic-pilotsystantostabilizethemodel
occurredinthevelocityregionatwhich.theswept-backwingbeceme
criticalasindicated%ythedragdata.(Seefi~.25,) fithis
regim, testdatao’btdned13YmeansOftieW@Pfl~~~th~ (ref&
ence11)ahawthattrailing-edgecantrolsmountedonswept-back
wingsundergoscmmlossofeffactiveness.ItiEIyi*obable,there-
fore,thattherollingmcm.cntscreatedbytheEM-1aileronswere
reducedattramcnicandsuyersonlcvelocitiestovalues at least ~__ _ -
below that necessaryto overccmethe out-of -tiim mmenta. It is
also po~sible that a rise in aileron hingemauen”tisoccurrod at the
criticalvelocity,whichoverlmdedtheservcmechanimsandpre-
ventedcontrolap~licatim.Furthertestsareroquire~,however,
todeterminethequantitativenatureof‘&esephenomena.

ThetelemetereddatashowthattheZ?M-lmodelrolledcon-
tinuouslytotherightatMachnum%ersabove1.1ata rat-eof
approximately1 cycle-persecond.As themodelpasseditspeak
velocityandentereditscoastingperiod.,evidenceofrestorative
controla~ainbecameevidentasa,Machn~berof1.Lwasreaclmd.
(Seefig.29.) Ata Machnumberof0.97,the control was suff icien~ly
effectivetohaltandreversetherotatimandgoodstabilizationwas
againachievedatsubsonicvelocities.

Thesubsonic rollingoscillationisshowninf@urs40andis
typicaloftheoscillationinducedbya-rate-displacementflickei*-
typeautcmaticpilot.Ifstopspreventthedeflectionoftherate
gyro(aswastrueforthetests)thedisplacement~oscopegoverns
correctivecontrolsignalatlargedisplacementan@es. Whenthe
angleofbankisreducedtosmallervalues,tib.erategyroscope~overns
sigaalreversalanda hi@.-frequency,small-amjjlitudeoscillationis
createdwithintheangu lledbytherategyroscope.

.

.
--

b
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Thedata of figure 30indicatethattheRM-1modeltended.to
.stabilizeabouta meanvalueofapproximately22°rightbank,
Thisvalueistelievedtobeinerrorbeosmsesi~ reversalis
notpossiblewiththeautomaticpilotemployedatanglesofbank
greaterthan~140(theouterlinitsoftherateband)provided
Mat thespinaxisofthedisplacementgyrosco>isintheplane
ofs~etry oftheairplane.(Seefig.5.) Itisproba%lej
therefore,thatthedisplacementgyroscopeprecessedduringthe
accelez’ated.partoftheflightandcauseda roky shiftofits
referenceyositiontotieri@t4

Thepertinentcharacteristicsofthesubscmicroll.in~oscil-
lationhavebeensummarizedinfi.we32andshow‘tatboththe
slnplitudeandthe~eriodoftheoscillationsincreased.withincrease
inforwardvelooity.TheanylitudesoftherollinGoscillation
duringthecoastingflightarelargerthanthoseatthesme speeds
inaccelerated.flightpro%ablybecauseofthe~eaterinitialrolling
disturbanceinducedbythecontinuousrightspiralatsuPer6~ic
velocities.Thetendency02‘&erolltugoscillaticmstoincrease
withvelocityisduetothefactthattieroll~ velocitiesinduced
bya givenccmtiroldeflectionalsoincreasewithspeed.Consequently,
fora givenautomatic-pilottimelag(timebetweendetectionof
bodydeviationandtimeofcontrolapplication]theamplitudeand
periodk-illvaryasa functicmoftierollingmlocityendhence
will.increasewitkairspeed.Itcsnbe6eenthatinordertoobtain
supersonicrollstabilizationoftheorderobtainetatsubecmic
velocitiesitwillbenecessaryeitk.eztodecreasethetti,elagof
theautomaticpilotortoreduceby somemeansthe rolling velocities.

CONCLUDII?G.REM4RKS

A basicresearchvehiclecapableofattainiryjfli@tspeeds
upb thosecorrespondingtoa Machnumberof1.4hasbeendesigned,,
developed,andputintooperation.‘Zero-ler@h laumchersand.various
flightop6ratimeJ_techniqueshavebeendevisedwhichpermitthe
successfuloperation“oftwo-stage,rocket-poweped,pilotlessaircraft,
$.ndinstrumentationhasbeendevelopedwhichpei’zuitithetransmission
ofdatafroma lmdymovingatsupers~icvelocities.

Dataobtifnedfrominitialflighttestsconfirmthetheoretical
advantageofsweyt-backwings.Ik’~~valuesottafne&at tr~sonic
andsupersonicvelocitieswereingeneralermeementwiththose
measuzzedby other flight technique;.SuccessfulL’OKLs+!abilization

.

.
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lymeensofa rate-di@acementflicker-typeall-electricautmatic
yilotwasaccomplisheduptoa Machnumberofapproximately1.0.
lhcellentagreementwas~achedamongthreemethdsofmeasuring
transonicandsuperscmicvelocities.

Furthertests”arerequiredtodevelopaerodynamiccontrolsez”d
configuxationesuitableforoperationatsupersonicvelocitiesand
todevelopmeansofprovidingadeqyatestdbilizaticmwithinthis
region.

.

v

LangleyMemorialAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.
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